A.2. Precipitate standards
A Zn co-precipitated hydroxyl Interlayer Material (Zn-Al-HIM) was synthesized as per Scheinost et al. (2002) . After synthesis, the resulting Zn-Al-HIM coprecipitate was washed to remove any unreacted Zn 2+ .
The Zn-Al-LDH precipitate standard was prepared under a N 2 atmosphere with a 3:1 Zn:Al ratio using Zn(NO 3 ) 2 and Al (NO 3 ) 3 (Ajat et al., 2008) The precipitate was dried, ground, and placed in a sealed container for storage until XAS measurements were collected.
Zn oxide and Zn phosphate where purchased as reagent grade dry precipitates from Fisher Scientific Canada.
A.2. Sorption standards
Adsorption standards were prepared with mineral suspensions of 0.5g/L that were sparged with N 2 in a 0.1 M NaNO 3 background electrolyte. Initial pH was lowered to pH 5 to ensure that carbonate was removed from the system. Zinc was added (as Zn(NO 3 ) 2 ) for a final concentration of 1 mM; after Zn addition the pH was slowly titrated to pH 6.5 under N 2 . The bottles were sealed, shaken for 48hr, filtered and the solid residue was washed with 0.1 M NaNO 3 to displace entrained Zn. A list of the loadings of the adsorption standards and surface areas of the sorbent phases can be found below (Table S1 ).
The MnO 2 sorbent is a birnessite mineral previously synthesized and characterized (Hardie et al., 2009 ) and provided by Dr. J. Dynes. The goethite sorbent was provided by Dr. Peak and has been previously characterized (Zhang , G.Y. and D. Peak, 2007) . The SiO 2 mineral used as a reference material is an amorphous silica gel, accounting for the high surface area listed in Table   S1 . 
A.3. Mineral standards
Zinc minerals (franklinite, sphalerite, and willimite) were supplied from the University Of Saskatchewan Department Of Geology. All materials had identical EXAFS and XANES features noted in previously reported mineral standards from other sources (Manceau et al., 2000; Scheinost et al., 2002; Jacquat et al., 2009a) . Zinc standards spectra can be found in Fig. 1 .
